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(57) ABSTRACT

A workpiece holder for selectively mounting a workpiece
along x, y and z axes is provided. A stationary base clamp
includes a first protrusion extending from a first top surface
having a first contact surface positioned at an acute angle
relative to the first top surface. A clamp dog is slidably dis-
posed within a partial slot defined in the base clamp and
includes a second protrusion extending from a second top
surface. The second protrusion may include second and third
contact surfaces that are both positioned at an acute angle
relative to the second top surface. An adjustment mechanism
operatively connects the base clamp and clamp dog to selec-
tively move the workpiece holder between clamped and
release positions. In particular, the second protrusion is
moved away from the first protrusion to the clamped position
so that the contact surfaces engage a dovetail wall of a recess
formed in the workpiece.

38 Claims, 15 Drawing Sheets
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1
WORKPIECE HOLDER

FIELD OF THE INVENTION

The present invention is generally directed to a workpiece
holder; in particular, the workpiece holder includes a clamp-
ing assembly having contact surfaces that are configured for
being selectively engaged within a recess formed in a work-
piece for securely mounting the workpiece to the workpiece
holder along x, y and z axes.

BACKGROUND OF THE INVENTION

When machining a workpiece using an automated multi-
axis machining tool, such as a computer numerical control
(CNC) machine tool, it is necessary to keep the workpiece
fixed relative to a reference point so that the workpiece can be
cut, milled, or otherwise formed with accuracy. If the work-
piece is not fixed relative to a reference point during the
machining process, the resulting product will likely be
formed outside of specifications, and the CNC machine tool
may be subject to an increased risk of crashing, which could
result in damage to the cutting tool and other components of
the tool.

In order to fix the position of the workpiece relative to a
reference point during the machine process, it is common to
mount the workpiece to a prior art workpiece holder. Prior to
mounting a workpiece to an existing workpiece holder, a pair
of dovetail grooves are typically machined in opposite exter-
nal edges of a bottom portion of the workpiece. The dovetail
grooves provide a pair of opposing surfaces that form a single
male protrusion on the workpiece that allow the workpiece
holder to grip the workpiece along the x and y axes using a
pair of opposing clamping members. The clamping members
can either be mechanically actuated to move toward one
another to grip the dovetail grooves, or one of the clamping
members may be fixed in a stationary position while the other
clamping member is moved toward the stationary clamping
member to grip the dovetail grooves. After the workpiece is
formed by the CNC machining tool, the dovetail grooves (i.e.,
the single male protrusion) are machined off.

While existing workpiece holders are capable of maintain-
ing the workpiece in a fixed position along the x and y axes
relative to a reference point, they suffer from a number of
drawbacks and deficiencies that introduce a number of inef-
ficiencies into the machining process. For example, existing
workpiece holders may include a spring that is used to bias
one of the clamp members in a direction that assists in disen-
gaging the clamp member from the dovetail groove. How-
ever, the moveable clamp member is susceptible to binding
within the body of the workpiece holder when disengaging
from the dovetail groove due to the forces imposed by the
moment arm created between the clamp screw and the actual
clamp contact area of the workpiece and associated distance
away. This offset distance or moment arm may cause a bind
that the spring cannot overcome. When the workpiece cannot
be easily released from the workpiece holder, this causes
delays in manufacturing the workpiece. Further inefficiencies
are present at the beginning of the machining process due to
the need to machine two separate dovetail grooves in opposite
external edges of the bottom portion of the workpiece, and
also after the machining process is complete when the entire
bottom surface of the workpiece needs to be machined off to
remove the dovetail grooves. Additionally, even though the
workpiece holder operates to restrict the movement of the
workpiece along the x and y axes, one or more separate
indexing features are also typically included to properly ori-
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ent the workpiece to the workpiece holder and prevent move-
ment of the workpiece along the z axis, which is perpendicu-
lar to both the x and y axes. However, using the indexing
feature to properly position the workpiece introduces an addi-
tional step and a further inefficiency in the machining process.
Furthermore, the prior art has limitations to the clamping
forces it may apply on the workpiece due to only clamping in
one direction and using a indexing feature in the other.

As such, there is a need for a workpiece holder that is not
susceptible to binding when releasing a workpiece from the
workpiece holder. There is also a need to reduce the amount of
machining that needs to be done on a workpiece in order for
the workpiece to be mounted to the workpiece holder. There
is a further need for a workpiece holder with a clamping
mechanism that restricts movement of workpiece along the x,
y and z axes without the need for a separate indexing feature.
The present invention addresses these and other needs, such
as the benefit of higher clamping forces in multiple directions.

SUMMARY OF THE INVENTION

In general, the present invention is directed to a workpiece
holder including a clamping assembly having contact sur-
faces that are configured for being selectively engaged within
a recess formed in a mounting surface of a workpiece for
securely mounting the workpiece to the workpiece holder
along x, y and z axes. The workpiece holder comprises a
stationary base clamp including a first portion of the clamping
assembly, a clamp dog including a second portion of the
clamping assembly, and an adjustment mechanism opera-
tively connected to the stationary base clamp and the clamp
dog to selectively move the first and second portions of the
clamping assembly between a clamped position and a release
position.

In one aspect of the present invention, the stationary base
clamp includes a first top surface and a first protrusion extend-
ing from the first top surface, wherein the first protrusion
includes a first contact surface positioned at a first acute angle
relative to the first top surface. The first protrusion represents
at least a part of the first portion of the clamping assembly.
The stationary base clamp has a partial slot defined in the first
top surface. Further, a threaded bore is defined in the station-
ary base clamp. The clamp dog is configured for being slid-
ably disposed within the partial slot, and includes a second
top surface and a second bottom surface. A second protrusion
extends from the second top surface and includes a second
contact surface. The second contact surface is positioned at a
second acute angle relative to the second top surface. The
second protrusion represents at least a part of the second
portion of the clamping assembly. A channel is defined in the
second bottom surface and defines a pair of opposing stop
surfaces. The clamp dog has an access opening defined
therein that extends into the channel. The adjustment mecha-
nism may include a bolt having a head and a shank, wherein
the threaded bore defined in the stationary base clamp is
configured for receiving a threaded portion of the shank. The
threaded portion of the shank may be a left-handed thread
orientation to prevent the bolt from inadvertently backing out
of' the threaded bore. The channel defined in the clamp dog is
configured for receiving the head and a portion of the shank,
wherein the pair of opposing stop surfaces are configured for
contacting the head of the bolt to maintain the lateral position
of the bolt relative to the clamp dog. The access opening
defined in the clamp dog is positioned to provide access to the
head when the bolt is positioned in the channel. The adjust-
ment mechanism is configured to move the second protrusion
away from the first protrusion to the clamped position by
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rotating the bolt so that the first and second contact surfaces
engage a dovetail wall of the recess to secure the workpiece to
the workpiece holder along the x, y and z directions. In one
aspect of the invention, at least one of the first and second
contact surfaces may be non-linear, such as, for example,
semi-circular shaped, W-shaped, or other shape. In another
aspect of the invention, one of the first and second protrusions
may include a third contact surface, wherein the first, second,
and third contact surfaces extend endwise along first, second,
and third longitudinal axes, respectively, and wherein the
first, second, and third longitudinal axes are disposed at acute
angles relative to one another to properly index the workpiece
relative to the workpiece holder. For example, the first, sec-
ond, and third longitudinal axes may be disposed at sixty
degree angles relative to one another.

In another aspect of the present invention, the partial slot
defined in the stationary base clamp may be defined by a first
shoulder, a first pair of opposing stepped side surfaces, and a
first bottom surface, wherein the first bottom surface extends
between the first pair of opposing stepped side surfaces. For
example, the partial slot may have a T-shaped cross-section.
Further, the clamp dog may include a second shoulder, a
second pair of stepped opposing sidewalls, and a second
bottom surface disposed between the second pair of opposing
stepped side surfaces. The first pair of stepped opposing side-
walls and first bottom wall are configured to receive the
second pair of stepped opposing sidewalls and the second
bottom wall to provide a containment track for the clamp dog
to precisely slide within the partial slot when moving between
the clamp and release positions.

In yet another aspect of the present invention, a system for
selectively mounting a workpiece relative to a support surface
along x, y and 7 axes is provided. The workpiece has at least
one recess defined in a mounting surface, wherein the recess
includes a dovetail wall. The system includes a first work-
piece holder including a first top surface and a first protrusion
extending from the first top surface. The first protrusion
includes a first contact surface positioned at a first acute angle
relative to the first top surface, and the first protrusion is
fixedly positioned relative to the first top surface. The system
also includes a second workpiece holder having a second top
surface, a partial slot defined in the second top surface, and a
clamp dog configured for being slidably disposed within the
partial slot. The clamp dog includes a third top surface and a
second protrusion extending from the third top surface. The
second protrusion includes a second contact surface that is
positioned at a second acute angle relative to the third top
surface. An adjustment mechanism is operatively connected
with the first workpiece holder and the clamp dog to selec-
tively move the clamp dog between a clamped position and a
release position. The adjustment mechanism is configured to
move the second protrusion away from the first protrusion to
the clamped position so that the first and second contact
surfaces engage the dovetail wall of the at least one recess to
secure the workpiece to the first and second workpiece hold-
ers along the X, y and z axes. Another aspect of the present
invention utilizes multiple systems, as described above, to
secure a workpiece relative to a support surface.

Additional objects, advantages and novel features of the
present invention will be set forth in part in the description
which follows, and will in part become apparent to those in
the practice of the invention, when considered with the
attached figures.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings form a part of this specifica-
tion and are to be read in conjunction therewith, wherein like
reference numerals are employed to indicate like parts in the
various views, and wherein:
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FIG. 1 is a perspective view of a workpiece holder accord-
ing to one aspect of the present invention;

FIG. 2 is a cross-sectional view taken along line 2-2 in F1G.
1 showing the workpiece holder in a release position, and a
cross-sectional view of a workpiece to be engaged by the
workpiece holder;

FIG. 3 is a bottom view of the workpiece showing a recess
formed in an interior portion of a bottom mounting surface of
the workpiece;

FIG. 4 is a cross-sectional view taken along line 4-4 in F1G.
3;

FIG. 5 is an enlarged view of a portion of FIG. 4 showing
a dovetail wall formed in the recess of the workpiece;

FIG. 6 is a top view of the workpiece holder shown in FIG.
1 in the release position;

FIG. 7 is a partial cross-sectional view taken along line 7-7
in FIG. 6 showing of the workpiece placed on a top surface of
the workpiece holder, wherein the workpiece holder is not
fully engaged with the workpiece;

FIG. 8 is a top view of the workpiece holder similar to FI1G.
6, wherein the workpiece holder is in a clamped position;

FIG. 9 is a partial cross-sectional view taken along line 9-9
in FIG. 8 showing of the workpiece placed on a top surface of
the workpiece holder, wherein the workpiece holder is
engaged with the workpiece in the X, y and z directions;

FIG. 10 is a cross-sectional view taken along line 10-10 in
FIG. 8 showing the force vectors imposed on workpiece by
the clamping assembly of the workpiece holder;

FIG. 11 is atop view ofa clamp dog in accordance with one
aspect of the present invention;

FIG. 12 is a cross-sectional view of the clamp dog taken
along line 12-12 in FIG. 11;

FIG. 13 is a front perspective view of the clamp dog shown
in FIG. 11;

FIG. 14 is a rear perspective view of the clamp dog shown
in FIG. 11;

FIG. 15 is a top view of a clamp head in accordance with
one aspect of the present invention;

FIG. 16 is a cross-sectional view of the clamp head taken
along line 16-16 in FIG. 15;

FIG. 17 is a front perspective view of the clamp head shown
in FIG. 15;

FIG. 18 is arear perspective view of the clamp head shown
in FIG. 17,

FIG. 19 is a front perspective view of a clamp head and a
clamp dog in accordance with another aspect of the present
invention;

FIG. 20 is arear perspective view of the clamp head and the
clamp dog shown in FIG. 19;

FIG. 21 is a front perspective view of a clamp dog in
accordance with another aspect of the present invention;

FIG. 22 is a rear perspective view of the clamp dog shown
in FIG. 21;

FIG. 23 is a perspective view of a system in accordance
with the present invention using multiple workpiece holders
to engage a workpiece;

FIG. 24 is a cross-sectional view taken long line 24-24 in
FIG. 23 showing the system in a clamp position engaging a
workpiece;

FIG. 25 is a cross-sectional view taken along line 25-25 in
FIG. 24; and

FIG. 26 is a perspective view of another exemplary
embodiment of the system shown in FIG. 23.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring to the drawings in detail, and specifically to
FIGS. 1, 2, 6 and 8, a workpiece holder according to one
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aspect of the present invention is generally designated as
reference numeral 10. Workpiece holder 10 may include a
three-sided clamping assembly 12 thatis configured for being
positively engaged within a recess 14 formed in a workpiece
16 for securely mounting workpiece 16 to workpiece holder
10 along the x, y and z axes. The recess 14 is formed in an
interior portion of a bottom mounting surface 18 of workpiece
16. As will be described in more detail below, the design of
workpiece holder 10 does not require the use of any springs or
other mechanical devices that would cause workpiece holder
10 to bind during operation. Furthermore, the three-sided
clamping assembly 12 not only serves to securely mount
workpiece 16 to workpiece holder 10, but also properly
indexes workpiece 16 relative to workpiece holder 10 without
the need for a separate indexing feature.

With continued reference to FIGS. 1, 2, 6 and 8, workpiece
holder 10 includes a stationary base clamp 20 that is config-
ured for being securely mounted to a support surface 22, such
as a mounting location on a CNC machine tool. In particular,
stationary base clamp 20 may include a clamp head 24 and a
riser base 26 that is adapted to be securely mounted to support
surface 22 using one or more mounting bolts 28. Stationary
base clamp 20 may also include an extension member 30
positioned between riser base 26 and clamp head 24 to prop-
erly set the distance of clamp head 24 relative to support
surface 22. One or more alignment pins 32 may be used to
properly orient clamp head 24, riser base 26, and extension
member 30 prior to securely fastening these components
relative to one another. Also, one or more alignment pins 34
may be used to properly position riser base 26 relative to
support surface 22. A common bolt opening 36 may be
formed in clamp head 24, riser base 26, and extension mem-
ber 30 along a longitudinal axis 38 of stationary base clamp
20. Bolt opening 36 is configured for receiving an assembly
bolt 40 to secure clamp head 24, riser base 26, and extension
member 30 to one another.

As best seen in FIGS. 15-18, clamp head 24 includes a top
surface 42 adapted to be positioned adjacent to bottom
mounting surface 18 of workpiece 16 when mounted to work-
piece holder 10. A first portion of clamping assembly 12
includes a first protrusion 44 extending from top surface 42,
wherein first protrusion 44 includes a first contact surface 46
positioned at an acute angle 48 (FIG. 16) relative to top
surface 42. First contact surface 46 is configured for engaging
adovetail wall 50 (FIG. 5) that defines recess 14 in workpiece
16. Protrusion 44 may further include an upper wall 52 that is
parallel with top surface 42, and a shoulder 54 that is perpen-
dicular to top surface 42.

In addition, clamp head 24 has a partial slot 56 defined in
the top surface 42 that extends in a direction that is transverse
to longitudinal axis 38 of stationary base clamp 20. Partial
slot 56 is defined by shoulder 54, a pair of opposing side walls
58, 60, and a bottom wall 62, wherein bottom wall 62 extends
between side walls 58, 60. In one aspect of the invention,
partial slot 56 may have a T-shaped cross-section, or another
cross-sectional configuration, that provides one or more
squared or rounded notches 63 formed in one or both side
walls 58, 60. For example, as best seen in FIG. 17, side walls
58, 60 are both stepped so that the width of partial slot 56 is
greater toward bottom wall 62 compared to the width of
partial slot 56 adjacent to top surface 42. It should be under-
stood that partial slot 56 does not extend all the way through
clamp head 24, but instead extends from an outer surface 64
of clamp head 24, partially through clamp head, and termi-
nates at shoulder 54. Further, a threaded bore 66 is formed in
clamp head 24, wherein a distal end 68 of bore 66 is defined
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in shoulder 54 and adapted to be operatively connected with
an adjustment mechanism 70, which will be described in
more detail below.

As best seen in FIGS. 1 and 11-14, workpiece holder 10
further includes a clamp dog 72 configured for being slidably
disposed within partial slot 56 of clamp head 24. Clamp dog
72 includes a top surface 74 adapted to be positioned adjacent
to bottom mounting surface 18 of workpiece 16 when
mounted to workpiece holder 10. As best seen in FIG. 1, top
surface 74 of clamp dog 72 may also be coextensive with top
surface 42 when clamp dog 72 is slidably disposed within
partial slot 56 so that top surfaces 42, 74 form a uniform
surface upon which workpiece 16 may rest upon when
mounting workpiece 16 to workpiece holder 10. A second
portion of clamping assembly 12 includes a second protru-
sion 76 extending from top surface 74, wherein second pro-
trusion 76 includes a second contact surface 78 and a third
contact surface 80 that are configured for engaging dovetail
wall 50 (FIG. 5) in workpiece 16. Second contact surface 78
is positioned at an acute angle 82 relative to top surface 74 and
third contact surface 80 is positioned at an acute angle (not
shown) relative to top surface 74. While second and third
contact surfaces 78, 80 are joined by a connecting wall 86, it
should be understood that such an arrangement where second
and third contact surfaces 78, 80 intersect with one another is
contemplated. It should be understood that the value of each
of the aforementioned acute angles may all be equal to one
another, may all be different than one another, or two of the
aforementioned acute angles may have values that are equal
to one another and different than the value of the other acute
angle.

As best seen in FIG. 10, each of first, second, and third
contact surfaces 46, 78, 80 extend endwise or linearly along
first, second, and third longitudinal axes 88, 90, 92, respec-
tively. In accordance with one aspect of the present invention,
first, second, and third longitudinal axes 88, 90, 92 may be
disposed at angles 93a, 935, 93¢ relative to one another to
form a triangular-shaped clamping assembly. For example,
first, second, and third longitudinal axes 88, 90, 92 may be
disposed at sixty degree angles relative to one another. In
another example, the angles formed between longitudinal
axes 88, 90, 92 are such that a right triangle is formed,
whereby one of the angles is ninety degrees and the other two
angles are forty-five degrees. In yet another example, the
angles formed between longitudinal axes 88, 90, 92 may all
be different values. By disposing first, second, and third lon-
gitudinal axes 88, 90, 92 at angles relative to each other as
shown and described, workpiece 16 is indexed relative to
workpiece holder 10 along the x and z axes as workpiece 16
is clamped to workpiece holder 16 by clamping assembly 12.
Thus, the arrangement of first, second, and third contact sur-
faces 46, 78, 80 eliminates the need for a indexing feature that
is separate from clamping assembly 12, while at the same
time securely mounting workpiece 16 to workpiece holder
10.

As best seen in FIGS. 1 and 11-14, second protrusion 76
may further include an upper wall 94 that is parallel with top
surface 74 and coextensive with upper wall 52 of first protru-
sion 44. Clamp dog 72 further includes a shoulder 96, a pair
of opposing side walls 98, 100, and a bottom wall 102 dis-
posed between side walls 98, 100. Shoulder 96 may extend
perpendicularly from top surfaces 42, 74, and may be adapted
to contact shoulder 54 of clamp head 24 when workpiece
holder is in a release position. In accordance with another
aspect of the present invention, side walls 98, 100 and bottom
wall 102 are configured to be slidably received within the
partial slot 56 defined by side walls 58, 60 and bottom wall 62.
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For example, if side walls 58, 60 include a stepped configu-
ration to form a T-shaped cross-section, as shown in FIG. 17,
then side walls 98, 100 are also stepped to match the configu-
ration of side walls 58, 60, and bottom walls 62, 102 are
configured to be slidably disposed relative to one another. As
aresult, side walls 58, 60 and bottom wall 62 of partial slot 56
serve as a track for clamp dog 72 to slide within when moving
between the clamped position (FIG. 9) and the release posi-
tion (FIG. 7) relative to clamp head 24.

As best seen in FIG. 2, workpiece holder 10 further
includes adjustment mechanism 70 operatively connected
with stationary base clamp 20 and clamp dog 72 to selectively
move workpiece holder 10 between the clamped position and
the release position. In particular, adjustment mechanism 70
is configured to move second protrusion 76 away from first
protrusion 44 to the clamped position so that the first, second,
and third contact surfaces 46, 78, 80 engage dovetail wall 50
of'recess 14 to mount workpiece 16 to workpiece holder 10, as
best seen in FIGS. 8 and 9.

Referring back to FIG. 2, adjustment mechanism 70 may
include a bolt having a head 106 and a shank 108, wherein a
threaded end portion of shank 108 is configured for being
received within threaded bore 66 formed in clamp head 24.
With additional reference to FIGS. 11, 12 and 14, clamp dog
72 includes a channel 110 defined in its bottom wall 102 for
receiving an upper portion of shank 108. Channel 110 further
includes an enlarged section 112 that is configured for
securely receiving head 106. Enlarged section 112 includes a
pair of opposing stop surfaces 114, 116 that contact opposing
sides of head 106 to maintain the lateral position of adjust-
ment mechanism 70 relative to clamp dog 72. As best seen in
FIGS. 2 and 11-13, an access opening 118 is defined in clamp
dog 72 and extends into enlarged portion 112 of channel 110
to provide access to head 106 when adjustment mechanism 70
is positioned in channel 110 to allow for the selective move-
ment of clamp dog 72 relative to clamp head 24 between the
clamped position and the release position. The threaded por-
tion of shank 108 may be configured with a left-handed thread
orientation so that clockwise rotation of adjustment mecha-
nism 70 results in adjustment mechanism 70 backing out of
bore 66. Providing a left-handed thread orientation prevents
adjustment mechanism 70 from inadvertently backing out of
threaded bore 66.

In assembling workpiece holder 10, the riser base 26,
extension member 30, and clamp head 24 are aligned with
one another using alignment pins 32, 34 and then securely
fastened to each other using assembly bolt 38. Further, riser
base 26 is mounted to support surface 22 using one or more
mounting bolts 28. Adjustment mechanism 70 is inserted in
channel 110 so that head 106 is positioned in enlarged section
112, adjacent to opposing stop surfaces 114, 116, and acces-
sible through access opening 118. The upper portion of shank
108 is positioned in channel 110, and the threaded end portion
of shank 108 extends outwardly a distance beyond shoulder
96 of clamp dog 72. Clamp dog 72 is then slid within partial
slot 56 so that side walls 58, 60 and bottom wall 62 are
adjacent to side walls 98, 100 and bottom wall 102. The
threaded end portion of shank 108 is then threadably coupled
with threaded bore 66.

In operation, shank 108 is rotated so that second protrusion
76 on clamp dog 72 is moved toward first protrusion 44 to the
release position shown in FIGS. 6 and 7. If a left-handed
thread orientation is used on shank 108, then counter-clock-
wise rotation of adjustment mechanism 70 will result in mov-
ing second protrusion 76 toward first protrusion 44. Clamp
dog 72 may be moved to a position where shoulders 54, 96 are
in contact with one another. As clamp dog 72 is moving within
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partial slot 56, adjustment mechanism 70 is retained within
the workpiece holder 10 by channel 110 and bottom wall 62
of clamp head 24. After workpiece holder 10 is moved to the
release position, workpiece 16 may be positioned on work-
piece holder 10 by placing first and second protrusions 44, 76
within recess 14 defined in workpiece 16, as seen in FIG. 7.
Adjustment mechanism 70 is then rotated so that first and
second protrusions 44, 76 move away from each other toward
the clamped position shown in FIGS. 8 and 9. In the clamped
position, first, second and third contact surfaces 46, 78, 80 are
engaged with dovetail wall 50 of recess 14 to prevent work-
piece 16 from moving along the x, y and z axes relative to
workpiece holder 10. In particular, as best seen in FIG. 10,
first, second and third contact surfaces 46, 78, 80 impose
perpendicular forces 104a, 1045, 104c¢, respectively, on
opposing walls of dovetail wall 50 that secure workpiece 14 to
workpiece holder 10. Force 104a is directed along the x axis
in one direction, and both forces 1045 and 104¢ include force
components that are directed along the x axis in a direction
that opposes force 104a. Forces 1045 and 104¢ both include
force components that are directed in opposite directions
along the 7z axis. Furthermore, as best seen in FIG. 9, the
angled orientation of the first, second and third contact sur-
faces 46, 78, 80 relative to the respective top surfaces 42, 74
operate to prevent workpiece 16 from being moved along the
y axis and disengaged from workpiece holder 10 when in the
clamped position. In accordance with the present invention,
workpiece 16 is secured and fixed along the x, y and z axes
relative to a reference point, which allows workpiece 16 to be
machined using a CNC machining tool or other type of
machining tool that requires the use of a workpiece holder. To
remove the workpiece 16 from workpiece holder 10 after
machining operations are complete, adjustment mechanism
70 is rotated so that the second protrusion 76 is moved toward
first protrusion 44 until workpiece holder 10 is in the release
position shown in FIG. 7, wherein workpiece 16 may then be
removed from workpiece holder 10. Mounting surface 18 on
workpiece 16 may then be machined off to remove recess 14
and complete the finished product from workpiece 16.

By constructing a workpiece holder as described above,
numerous advantages are realized. For example, providing a
clamping assembly including three contact surfaces that are
disposed at acute angles relative to one another operates to
restrict the movement of a workpiece along the x, y and z axes
without the need for a separate indexing feature. Further-
more, the workpiece holder described above does not include
any springs or provide an arrangement that is susceptible to
binding when moving between clamped and release posi-
tions. Also, the T-shaped partial slot provides a precise track-
ing mechanism for the clamp dog as it slides between
clamped and release positions. Moreover, providing a clamp-
ing mechanism that positively engages a recess formed in an
interior portion of a bottom surface of the workpiece, in some
machining applications, may reduce the amount of machin-
ing that needs to be done on a workpiece in order to produce
a finished product. This is because the recess formed in the
present invention in order to clamp the workpiece to the
workpiece holder, in some applications, will need to be
removed anyway to form the finished product (such as a
pocket or other feature that is part of the finished workpiece),
so no additional material would need to be removed from the
workpiece.

Although the present invention has been described above in
considerable detail with reference to certain aspects thereof,
other versions are possible. Therefore, the spirit and scope of
the appended claims should not be limited to the description
of'the aspects contained herein. For example, as best seen in
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FIGS. 19 and 20, it is also within the scope of the present
invention to provide a clamping assembly 12a where a first
protrusion 44a on a clamp head 24a includes two contact
surfaces 120, 122 and a second protrusion 76a on a clamp dog
72a includes one contact surface 124. This alternative
embodiment of the clamping assembly would operate in a
similar manner to the version of the workpiece holder 10
described above to secure a workpiece along the x, y and z
axes.

In another example, as best seen in FIGS. 21 and 22, a
clamp dog 726 may beused in place of either of the previously
described clamp dogs 72, 72a. Many of the aspects of clamp
dog 725 are the same as clamp dogs 72, 72a. The one difter-
ence is in the shape of second protrusion 765, particularly, the
contour of the surface thatis configured for engaging dovetail
wall 50. When second protrusion 765 is used in conjunction
with a first protrusion on a clamp head that has a contact
surface that extends endwise along its longitudinal axis, as
seen in FIGS. 11-14, it is contemplated that the contact sur-
face on second protrusion 765 may be a non-linear shape that
will result in a force on dovetail wall 50 that will oppose the
force imposed by the first protrusion on the clamp head along
the x axis, and provide opposing forces along the z axis to
eliminate the need for a separate indexing feature. For
instance, contact surface on second protrusion 765 may be a
semi-circular-shaped surface 126 as seen in FIGS. 21 and 22,
curved, W-shaped, or any other non-linear shape or configu-
ration that will result in the clamping mechanism securely
fastening workpiece 16 to workpiece holder 10 along the x
and z axes. In addition, the contact surface on the first pro-
trusion on the clamp head may also be non-linear, such as, for
example, semi-circular, curved, W-shaped or other shape that
is the same as, or different than, the shape of the contact
surface on second protrusion 765. Therefore, either or both of
first and second protrusions may include a contact surface that
is non-linear as described herein. Furthermore, regardless of
the configuration of the first and second protrusions, it should
be understood that the dovetail surface 50 on workpiece 16 is
configured to engage with the contact surfaces on the first and
second protrusions to secure workpiece 16 to workpiece
holder in all directions.

In another aspect of the present invention, as best seen in
FIGS. 23-25, a system 128 for selectively mounting a work-
piece 16a relative to a support surface 22 along x, y and z axes
is provided. In this aspect, instead of using just one workpiece
holder 10 to secure a workpiece, system 128 uses two work-
piece holders 10a, 105 in conjunction with one another to
secure workpiece 16a. Workpiece 16a may have a pair of
recesses 14a, 145 defined in mounting surface, wherein each
of recesses 14a, 1454 include a dovetail wall 50a, 505 that are
configured for being engaged with workpiece holders 10a,
104, respectively. However, it should be understood that
workpiece 16a may include a single recess instead of two
separate recesses 14a, 145, wherein the single recess would
include a dovetail wall that would allow first and second
workpieces 10a, 105 to operate together to secure workpiece
164 to support surface 22.

For example, first workpiece holder 10a may include a first
protrusion 44a having first and second contact surfaces 120,
122, each positioned at acute angles relative to a top surface
42a. First protrusion 44a is fixedly positioned relative to top
surface 42a. As mentioned above with respect to the contact
surfaces in the previously discussed embodiments, it is also
contemplated that a single non-linear contact surface be used
to engage dovetail wall 50a, such as, for example, semi-
circular, W-shaped, or some other curved shape.
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The second workpiece holder 105 operates similar to
workpiece holder 10 as described above, except that it does
not include a fixed protrusion on the clamp head. Instead of
using second protrusion 76 and a fixed protrusion on work-
piece holder 104 to clamp the workpiece, second protrusion
76 is used in conjunction with fixed protrusion 44a on work-
piece holder 10a to clamp the workpiece 16a by using adjust-
ment mechanism 70 operatively connected with clamp head
24b and clamp dog 72 to move clamp dog 72 between the
clamped and release position. While workpiece holder 105 is
shown as including two contact surfaces 78, 80 it should be
understood that a single non-linear contact surface be used to
engage dovetail wall 505, such as, for example, semi-circular,
W-shaped, or some other curved shape. If first protrusion 44a
on workpiece holder 10a is configured with two contact sur-
faces 120, 122 and second protrusion 76 is configured with
two contact surfaces 78, 80, then each contact surface may
extend endwise along their respective longitudinal axis so
that longitudinal axes intersect to form a quadrilateral 130. As
best seen in FIG. 26, it is also within the scope of the invention
to use multiple systems 128 in conjunction with one another
to secure workpiece 165 to support surface 22 as previously
described.

All features disclosed in the specification, including the
claims, abstract, and drawings, and all the steps in any method
or process disclosed, may be combined in any combination,
except combinations where at least some of such features
and/or steps are mutually exclusive. Each feature disclosed in
the specification, including the claims, abstract, and draw-
ings, can be replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated other-
wise. Thus, unless expressly stated otherwise, each feature
disclosed is one example only ofa generic series of equivalent
or similar features.

LIST OF REFERENCE NUMBERS

10 Workpiece holder

10a Alternative workpiece holder
105 Alternative workpiece holder
12 Clamping assembly

12a Alternative clamping assembly
14 Recess

14a Recess

14b Recess

16 Workpiece

16a Alternative workpiece

165 Alternative workpiece

18 Bottom surface

18a Alternative bottom surface
20 Stationary base clamp

22 Support surface

24 Clamp head

24a Alternative clamp head

26 Riser base

28 Mounting bolts

30 Extension member

32 Alignment pins

34 Alignment pins

36 Bolt opening

38 Longitudinal axis

40 Assembly bolt

42 Top surface

42a Alternative top surface

44 First protrusion

44a Alternative first protrusion
46 First contact surface
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48 Acute angle

50 Dovetail wall

50a Alternative dovetail wall
505 Alternative dovetail wall
52 Upper wall

54 Shoulder

56 Partial slot

58 Side wall

60 Side wall

62 Bottom wall

63 Notches

64 Outer surface

66 Threaded bore

68 Distal end

70 Adjustment mechanism
72 Clamp dog

72a Alternative clamp dog
72b Alternative clamp dog
74 Top surface

76 Second protrusion

76a Alternative second protrusion
76b Alternative second protrusion
78 Second contact surface
80 Third contact surface

82 Acute angle

86 Connecting wall

88 First longitudinal axis
90 Second longitudinal axis
92 Third longitudinal axis
93a Angle

93b Angle

93¢ Angle

94 Upper wall

96 Shoulder

98 Side wall

100 Side wall

102 Bottom wall

104a Force

1045 Force

104c¢ Force

106 Head

108 Shank

110 Channel

112 Enlarged section

114 Stop surface

116 Stop surface

118 Access opening

120 First contact surface
122 Second contact surface
124 Third contact surface
126 Contact surface

128 System

130 Quadrilateral

What is claimed is:

1. A workpiece holder configured for being selectively
mounted to a workpiece along X, y and z axes, the workpiece
having a mounting surface and a recess defined in the mount-
ing surface, the recess including a dovetail wall, the work-
piece holder comprising:

a stationary base clamp including a first top surface and a
first protrusion extending from the first top surface,
wherein the first protrusion includes a first contact sur-
face positioned at a first acute angle relative to the first
top surface, and wherein the stationary base clamp has a
partial slot defined in the first top surface;

a clamp dog configured for being slidably disposed within
the partial slot, the clamp dog including a second top
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surface and a second protrusion extending from the sec-
ond top surface, wherein the second protrusion includes
asecond contact surface, and wherein the second contact
surface is positioned at a second acute angle relative to
the second top surface; and

an adjustment mechanism operatively connected with the

stationary base clamp and the clamp dog to selectively
move the workpiece holder between a clamped position
and a release position, wherein the adjustment mecha-
nism moves the second protrusion away from the first
protrusion to the clamped position so that the first and
second contact surfaces engage the dovetail wall of the
recess to secure the workpiece to the workpiece holder
along the X, y and z axes, and wherein the adjustment
mechanism moves the second protrusion toward the first
protrusion to the release position so that the first and
second contact surfaces disengage the dovetail wall of
the recess and the workpiece is removable from the
workpiece holder.

2. A workpiece holder in accordance with claim 1, wherein
at least one of the first and second contact surfaces is non-
linear along a plane that is parallel with either the first top
surface or the second top surface.

3. A workpiece holder in accordance with claim 2, wherein
the at least one of the first and second contact surfaces is
semi-circular shaped.

4. A workpiece holder in accordance with claim 1, wherein
one of the first and second protrusions includes a third contact
surface, wherein the third contact surface is positioned at a
third acute angle relative to the first and second top surfaces.

5. A workpiece holder in accordance with claim 4, wherein
the first, second, and third contact surfaces extend endwise
along first, second, and third longitudinal axes, respectively,
and wherein the first, second, and third longitudinal axes are
disposed at acute angles relative to one another.

6. A workpiece holder in accordance with claim 5, wherein
the first, second, and third longitudinal axes are disposed at
sixty degree angles relative to one another.

7. A workpiece holder in accordance with claim 5, wherein
the first, second, and third contact surfaces are linear.

8. A workpiece holder in accordance with claim 1, wherein
the adjustment mechanism is a bolt having a head and a shank,
wherein a threaded bore is defined in the stationary base
clamp and configured for receiving a threaded portion of the
shank.

9. A workpiece holder in accordance with claim 8, wherein
the threaded portion of the shank is configured with a left-
handed thread orientation.

10. A workpiece holder in accordance with claim 8,
wherein the clamp dog includes a bottom wall, wherein a
channel is defined in the bottom wall of the clamp dog and is
configured for receiving the head and a portion of the shank.

11. A workpiece holder in accordance with claim 10,
wherein the channel includes a pair of opposing stop surfaces
that are configured for contacting the head of the bolt to
maintain a lateral position of the bolt relative to the clamp
dog.

12. A workpiece holder in accordance with claim 11,
wherein the clamp dog has an access opening defined therein
that extends into the channel to provide access to the head
when the bolt is positioned in the channel to allow for the
selective movement of the clamp dog relative to the stationary
base clamp between the clamped position and the release
position.



US 9,289,869 B1

13

13. A workpiece holder in accordance with claim 1,
wherein the stationary base clamp includes a longitudinal
axis, and wherein the partial slot extends transverse to the
longitudinal axis.

14. A workpiece holder in accordance with claim 1,
wherein the partial slot has a T-shaped cross-section.

15. A workpiece holder in accordance with claim 1,
wherein the partial slot is defined by a first shoulder, a first
pair of opposing stepped side walls, and a first bottom wall,
wherein the first shoulder and the first pair of opposing
stepped side walls extend from the first top surface, and
wherein the first bottom wall extends between the first pair of
opposing stepped side walls.

16. A workpiece holder in accordance with claim 15,
wherein the clamp dog includes a second shoulder, a second
pair of stepped opposing side walls, and a second bottom wall
disposed between the second pair of opposing stepped side
walls, wherein the first pair of stepped opposing side walls
and first bottom wall are configured to receive the second pair
of stepped opposing side walls and the second bottom wall.

17. A workpiece holder in accordance with claim 16,
wherein the first and second shoulders are both perpendicular
to the first top surface.

18. A workpiece holder in accordance with claim 16,
wherein the first and second shoulders contact each other in
the release position.

19. A workpiece holder in accordance with claim 1,
wherein the first and second acute angles are equal to one
another.

20. A workpiece holder in accordance with claim 1,
wherein the first and second acute angles are different from
one another.

21. A workpiece holder in accordance with claim 1,
wherein the stationary base clamp includes a clamp head, an
extension member, and a riser base, wherein the clamp head
includes the first protrusion, wherein the clamp head, the
extension member, and the riser base are coupled to one
another by an assembly bolt, and wherein the extension mem-
ber is disposed between the clamp head and the riser base.

22. A workpiece holder in accordance with claim 21,
wherein the riser base is configured for being securely
mounted to a support surface.

23. A workpiece holder configured for being selectively
mounted to a workpiece along X, y and z axes, the workpiece
having a mounting surface and a recess defined in the mount-
ing surface, the recess including a dovetail wall, the work-
piece holder comprising:

a stationary base clamp including a first top surface and a
first protrusion extending from the first top surface,
wherein the first protrusion includes a first contact sur-
face positioned at a first acute angle relative to the first
top surface, wherein the stationary base clamp has a
partial slot defined in the first top surface, wherein the
partial slot has a T-shaped cross-section, and wherein a
threaded bore is defined in the stationary base clamp;

a clamp dog configured for being slidably disposed within
the partial slot, the clamp dog including a second top
surface and a first bottom wall, wherein a second pro-
trusion extends from the second top surface and includes
a second contact surface and a third contact surface,
wherein the second contact surface is positioned at a
second acute angle relative to the second top surface and
the third contact surface is positioned at a third acute
angle relative to the second top surface, wherein a chan-
nel is defined in the first bottom wall, wherein the chan-
nel defines a pair of opposing stop surfaces, and wherein
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the clamp dog has an access opening defined therein that
extends into the channel; and

an adjustment mechanism operatively connected with the

stationary base clamp and the clamp dog to selectively
move the workpiece holder between a clamped position
and a release position,

wherein the adjustment mechanism includes a bolt having

ahead and a shank, wherein the threaded bore defined in
the stationary base clamp is configured for receiving a
threaded portion of the shank, wherein the channel is
configured for receiving the head and a portion of the
shank, wherein the pair of opposing stop surfaces are
adjacent to the head of the bolt to maintain a lateral
position of the bolt relative to the clamp dog, and
wherein the access opening is positioned to provide
access to the head when the bolt is positioned in the
channel,

wherein the adjustment mechanism moves the second pro-

trusion away from the first protrusion to the clamped
position by rotating the bolt so that the first, second, and
third contact surfaces engage the dovetail wall of the
recess to secure the workpiece to the workpiece holder
along the x, y and z axes,

wherein the adjustment mechanism moves the second pro-

trusion toward the first protrusion to the release position
so that the first, second, and third contact surfaces dis-
engage the dovetail wall of the recess and the workpiece
is removable from the workpiece holder, and

wherein the first, second, and third contact surfaces extend

endwise along first, second, and third longitudinal axes,
respectively, and wherein the first, second, and third
longitudinal axes are disposed at angles relative to one
another.

24. A workpiece holder in accordance with claim 23,
wherein the first, second, and third longitudinal axes are
disposed at sixty degree angles relative to one another.

25. A workpiece holder in accordance with claim 23,
wherein the stationary base clamp includes a longitudinal
axis, and wherein the partial slot extends transverse to the
longitudinal axis.

26. A workpiece holder in accordance with claim 23,
wherein the partial slot is defined by a first shoulder, a first
pair of opposing stepped side walls, and a second bottom
wall, wherein the first shoulder and the first pair of opposing
stepped side walls extend from the first top surface, wherein
the second bottom wall extends between the first pair of
opposing stepped side walls, and wherein a distal end of the
threaded bore is defined in the first shoulder,

wherein the clamp dog includes a second shoulder, a sec-

ond pair of stepped opposing side walls, and the first
bottom wall disposed between the second pair of oppos-
ing stepped side walls, and wherein the first pair of
stepped opposing side walls and the second bottom wall
are configured to receive the second pair of stepped
opposing side walls and the first bottom wall.

27. A workpiece holder in accordance with claim 26,
wherein the first and second shoulders are both perpendicular
to the first top surface.

28. A workpiece holder in accordance with claim 26,
wherein the first and second shoulders contact each other in
the release position.

29. A workpiece holder in accordance with claim 23,
wherein the first, second, and third acute angles are all equal
to one another.

30. A workpiece holder in accordance with claim 23,
wherein the first, second, and third acute angles are all differ-
ent compared to one another.
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31. A workpiece holder in accordance with claim 23,
wherein the first, second, and third contact surfaces are linear.

32. A system for selectively mounting a workpiece relative
to a support surface along x, y and z axes, the workpiece
having a mounting surface and at least one recess defined in
the mounting surface, the recess including a dovetail wall, the
system comprising:

a first workpiece holder including a first top surface and a
first protrusion extending from the first top surface,
wherein the first protrusion includes a first contact sur-
face positioned at a first acute angle relative to the first
top surface, wherein the first protrusion is fixedly posi-
tioned relative to the first top surface; and

a second workpiece holder including:

a clamp head including a second top surface;

a partial slot defined in the second top surface;

a clamp dog configured for being slidably disposed
within the partial slot, the clamp dog including a third
top surface and a second protrusion extending from
the third top surface, wherein the second protrusion
includes a second contact surface, and wherein the
second contact surface is positioned at a second acute
angle relative to the third top surface; and

an adjustment mechanism operatively connected with
the clamp head and the clamp dog to selectively move
the clamp dog between a clamped position and a
release position, wherein the adjustment mechanism
moves the second protrusion away from the first pro-
trusion to the clamped position so that the first and
second contact surfaces engage the dovetail wall of
the at least one recess to secure the workpiece to the
first and second workpiece holders along the x, y and
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z axes, and wherein the adjustment mechanism moves
the second protrusion toward the first protrusion to the
release position so that the first and second contact
surfaces disengage the dovetail wall of the at least one
recess and the workpiece is removable from the first
and second workpiece holders.

33. A system in accordance with claim 32, wherein at least
one of'the first and second contact surfaces is non-linear along
a plane that is parallel with either the first top surface or the
second top surface.

34. A system in accordance with claim 33, wherein the at
least one of the first and second contact surfaces is semi-
circular shaped.

35. A system in accordance with claim 32, wherein at least
one of the first protrusion or the second protrusion includes a
third contact surface, wherein the third contact surface is
positioned at a third acute angle relative to the respective first
or second top surface.

36. A system in accordance with claim 35, wherein the
second protrusion includes a fourth contact surface, wherein
the fourth contact surface is positioned at a fourth acute angle
relative to the third top surface.

37. A system in accordance with claim 36, wherein the first,
second, third, and fourth contact surfaces extend endwise
along first, second, third, fourth longitudinal axes, respec-
tively, and wherein the first, second, third, and fourth longi-
tudinal axes intersect to form a quadrilateral.

38. A system in accordance with claim 32, wherein either
the first protrusion or the second protrusion include a third
contact surface, and wherein first, second, and third contact
surfaces are linear.



